Abstract Genomic diversity based on 13 short tandem repeat (STR) loci (D3S1358, vWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317, D7S820, D16S539, TH01, TPOX, and CSF1PO) is reported for the first time in Basques from the provinces of Guipu´zcoa and Navarre (Spain). STR data from previous studies on Basques from Alava and Vizcaya provinces were also examined using hierarchal analysis of molecular variance (AMOVA) and genetic admixture estimations to ascertain whether the Basques are genetically heterogeneous. To assess the genetic position of Basques in a broader geographic context, we conducted phylogenetic analyses based on F ST genetic distances [neighbor-joining trees and multidimensional scaling (MDS)] using data compiled in previous publications. The genetic profile of the Basque groups revealed distinctive regional partitioning of short tandem repeat (STR) diversity. Consistent with the above, native Basques clearly segregated from other populations from Europe (including Spain), North Africa, and the Middle East. The main line of genetic discontinuity inferred from the spatial variability of the microsatellite diversity in Basques significantly overlapped the geographic distribution of the Basque language. The genetic heterogeneity among native Basque groups correlates with the peculiar geography of peopling and marital structure in rural Basque zones and with language boundaries resulting from the uneven impact of Romance languages in the different Basque territories.
Introduction
With the development of rapid screening techniques using polymerase chain reaction (PCR) amplification, the possibilities of identifying highly variable DNA markers and, consequently, of studying genetic structure and microdifferentiation processes in human populations accurately, have increased remarkably. Among the molecular markers that can be easily genotyped and scored by PCR-based techniques, short tandem repeats (STRs) stand out as being abundant and widespread throughout the human genome. Microsatellites or STRs are short sequences of DNA with units 2-6 bp in length (Hearne et al. 1992) , which are repeated numerous times in a head-tail manner and ubiquitously distributed in the genome. STRs have been previously employed in the elucidation of human population history (Jorde et al. 1997; Rowold and Herrera 2003; Zhivotovsky et al. 2004 ) and subpopulation structure (Rowold and Herrera 2005) .
The genetic uniqueness of the Basques has long been recognized (Mourant 1947) . According to their anatomical, archaeological, linguistic, and genetic singular-ities, the Basques have been considered among the most ancient inhabitants of Europe as well as one of the oldest human isolates (Cavalli-Sforza et al. 1994) . For this reason, the autochthonous groups of the traditional Basque territories have been the subject of a great number of biological studies and have been characterized on the basis of their genetic peculiarities and geographic diversity (reviewed in Caldero´n et al. 1998 ). However, the issues concerning the origins of this interesting group of humans remain a subject of dispute for scientists. Some authors suggest an upper Paleolithic origin for the Basque people based on findings of population genetic studies using classical markers such as blood groups, serum proteins and enzymes (Calafell and Bertranpetit 1994) , minisatellites (Alonso and Armour 1998) , Y-chromosomal single nucleotide polymorphisms (SNPs) (Lucotte and Hazout 1996) , and mitochondrial DNA (Bertranpetit et al. 1995) . Conversely, data on immunoglobulin allotypes support a more recent Neolithic origin (Caldero´n et al. 1998) .
As for their genetic structure, the existence of a certain degree of genetic heterogeneity within the Basques has been suggested since the first population-based genetic analyses were performed (Goedde et al. 1972 (Goedde et al. , 1973 . On the one hand, some authors have claimed a lack of genetic substructure among the Basques based on investigations using both classical markers (Calafell and Bertranpetit 1994) and HLA genetic markers (Comas et al. 1998 ). Subsequently, a sizable number of genetic studies have provided a conflicting set of data regarding genetic variability of autochthonous Basque groups. Recent studies designed to assess the geographic patterning of the Basques indicate that their genetic diversity is spatially structured (Aguirre et al. 1991; Manzano et al. 2002) . This contention is starting to be confirmed as well by DNA molecular markers (Brown et al. 2000; Pancorbo et al. 2001; Iriondo et al. 2003; Pe´rez-Miranda et al. 2003) . Some results point to Guipu´zcoa as being the Basque province with the most genetic distinctiveness whereas the highest levels of genetic affinity with non-Basque surrounding populations have been reported for the province of Alava (Caldero´n et al. 1998; Pe´rez-Miranda et al. 2003) .
The lack of consensus concerning genetic diversity among the different Basque autochthonous groups prompted us to study the Basques according to STR polymorphisms. Thus, in the present study, we analyzed a set of 13 STR loci of 4 bp motifs (D3S1358, vWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317, D7S820, D16S539, TH01, TPOX, and CSF1PO) with the aim of characterizing genetically the autochthonous Basque groups settled in the provinces of Guipu´zcoa and Navarre (northern Spain). These STRs constitute the core of PCR-based genetic markers in the US-combined DNA index system (CODIS). In addition, STR allelic frequency data previously reported by our research team from two Basque groups from the provinces of Alava and Vizcaya were included in our analyses to augment the geographical scope of our study (Pe´rez-Miranda et al. 2005a , 2005b . Finally, for the purposes of assessing population affinities and phylogenetic relationships with other human groups, European (including Spain), North African, and Middle Eastern populations were jointly analyzed.
Materials and methods

Populations studied
The Basque Country administratively includes several French and Spanish provinces in which the Basque Fig. 1 Geographic location of the populations included in a phylogenetic analysis based on 13 short tandem repeat (STR) loci. The groups examined are Guipu´zcoa (1) and North Navarre (2). Other Basque groups: Alava (3), Vizcaya (4), and Residents in the Basque Country (5). Other Spanish collections: Northern Spain (6), Andalusia (7), Extremadura (8), and Canary Islands (9). Other European samples: Portugal (10), Italy (11), Turkey (12), Switzerland (13), Poland (14). North African populations: Morocco (15) and Egypt (16). Middle Eastern populations: Syria (17) and United Arab Emirates (18) language (Euskera) is still spoken (to different degrees) as the mother language. In Spain, the Basque territory lies at the northern region of the Iberian Peninsula and is formed by the autonomous community of the Basque Country which includes the provinces of Alava, Vizcaya, and Guipu´zcoa as well as the Chartered Community of Navarre (province of Navarre).
Guipu´zcoa is the only Basque ''historical territory'' that is completely surrounded by other provinces where Basque speakers are native (Fig. 1) . The Basque area was among the pioneering Spanish regions embracing industrialization. The process of industrialization in the Spanish Basque Country started by the middle of the nineteenth century, mainly in Vizcaya and Guipu´zcoa. Consequently, specifically in Guipu´zcoa, over the 1860-1900 period, the population density increased by about 20%. These immigrants came mostly from the bordering Spanish provinces. The development of the Basque industry reached its height by the beginning of 1950 and it coincided with the industrial revolution in Spain. It is estimated that around 30% of the current population of Guipu´zcoa is the result of the continuous, large-scale immigration that took place from 1950 to 1980 when the Basque territory was immersed in a prosperous industrialization process. However, these spectacular demographic changes promoted by industrialization occurred mainly in zones close to the industrial centers.
The province of Navarre has been historically populated by autochthonous Basques. It has been argued, however, that much of the present-day Navarrese territory cannot really be considered anthropologically Basque; rather, native Basques there seem to be mostly confined to its northernmost part (Caldero´n et al. 1998) . In contrast with the early modernization of Guipu´zcoa, Navarre's industrialization process did not come until the 1960s, so the demographic size of Navarre has not increased notably and the population contribution of this region in the context of overall Basque demography has dropped considerably over the last 100 years.
Samples and STR genotyping
Whole blood samples were collected in EDTA vacutainer tubes by venipuncture from unrelated healthy autochthonous individuals from Guipu´zcoa (n=102) and from the north of Navarre (n=112). Basque ancestry was ascertained for three generations back in order to define autochthony. Adherence to ethical guidelines was followed as stipulated by each of the institutions involved in the study.
Genomic DNA was extracted by the standard phenol-chloroform procedure (Maniatis et al. 1982) . For each sample, 13 loci were amplified simultaneously using AmpF/STR Profiler Plus and AmpF/STR COfiler PCR Amplification Kits (Applied Biosystems, Foster City, CA, USA) at the D3S1358, vWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317, D16S539, TH01, TPOX, CSF1PO, and D7S820 STR loci. PCR amplifications were performed as described in the kit user manual using the recommended DNA amount (1.0-2.5 ng) in a final PCR volume of 12 ll. DNA was amplified in a GeneAmp PCR System 9600 thermal cycler (Perkin-Elmer Applied Biosystems, Foster City, USA). Amplified STR fragments were analyzed with an ABI PRISM 377 DNA Sequencer (Perkin-Elmer Applied Biosystems). An internal size standard (GeneScan 500 ROX, Perkin-Elmer Applied Biosystems) was included. Genotyping of each sample was made using Genotyper 3.7 NT and GeneScan 3.7 software by comparison with supplied allelic ladders. Allelic designations followed the recommendations of the DNA Commission of the International Society for Forensic Haemogenetics (DNA recommendations, 1994) .
Phylogenetic and statistical analyses
Allelic frequencies for the 13 STR loci in the Basque groups from Guipu´zcoa and Navarre were estimated Table 3 Allelic frequencies at 13 short tandem repeat (STR) loci in autochthonous Basques from Navarre province (Spain) by direct counting. To test for Hardy-Weinberg equilibrium (HWE) expectations, a Fisher's exact probability test was conducted to estimate P values (Guo and Thompson 1992) using the Arlequin Version 2.000 software (Schneider et al. 2000) . Several useful parameters in legal medicine were also calculated for these two autochthonous Basque collections, including polymorphic information content (PIC) (Smouse and Chakraborty 1986 ) and power of discrimination (PD) (Guo and Thompson 1992) . To ascertain phylogenetic relationships based on the allelic frequencies of these STR markers, data compiled from previous studies were used to create a genetic database of European, North African, and Middle Eastern populations (see Fig. 1 and Table 1 ). Genetic information of these databases was used to compute F ST unbiased genetic distances (Reynolds et al. 1983 ) between all pairs of populations. From the resultant F ST genetic distance matrix, phylogenetic trees based on the NeighborJoining (NJ) method (Saitou and Nei 1987) were constructed using the Phylip Version 3.2 program (Felsenstein 1989) . The reliability of the dendrogram was evaluated by bootstrap resampling (Felsenstein 1985) . Genetic structuring among various population clusters defined according to geographic criteria was examined through hierarchal analysis of molecular variance (AMOVA) (Excoffier et al. 1992 ) using the Arlequin program. In this statistical test, a permutation procedure is employed to assess the significance of the F SC and F CT fixation values. These indices reflect the relative contribution of genetic variation among populations within groups and among groups, respectively. In order to represent the F ST genetic distance matrix for the 18 populations examined, a two-dimensional genetic map based on nonmetric multidimensional scaling (MDS) analysis (Kruskal 1964 ) was generated using the SPSS statistical package. In addition, we used the computer program Structure (Pritchard et al. 2000) to attempt to identify clusters of genetically similar individuals from multilocus genotypes. The admixture proportions of the different Basque groups included in the study were estimated by mean of the weighted least squares method (Long et al. 1991 ) mathematically expressed as p ih ¼ P J j¼1 p ij Á l j ; where p ih is the frequency of the ith allele in the hybrid population, p ij denotes the frequency of the ith allele in the jth reference population (j=1, J), l j is the proportionate contribution of the jth reference gene pool to the hybrid population and
Results STR diversity in Guipu´zcoa and Northern Navarre Tables 2 and 3 provide the allelic frequencies of the 13 STR loci for the autochthonous Basque groups from Guipu´zcoa (GUIP) and Northern Navarre (NNAU), respectively. Some alleles commonly detected in STR analyses of worldwide populations could not be identified in the Basque collections under study. This includes alleles 10 of TH01, 12 of TPOX, and 24 of FGA in natives of Guipu´zcoa and alleles 32 of D21S11 and 8 of CSF1PO in Northern Navarrese. Similarly, alleles 27 of FGA and 11.2 of D5S818 do not appear in any of the Basque groups analyzed herein. A number of genetic and forensic parameters of interest were estimated from the STR allelic frequencies and are summarized in Tables 4 (GUIP) and 5 (NNAV). To test for heterozygote deficit, a Fisher's exact probability test was conducted to estimate the P value by the Markov chain Monte Carlo (MCMC) method. HWE expectations were tested for all possible locus-population combinations. No significant departure from HWE expectations was detected suggesting genetic equilibrium for all loci in both GUIP and NNAV samples. Similar results were obtained when HWE was tested through the likelihood ratio test (G test). The observed heterozygosity (Ho) in Guipu´zcoa ranges from 0.6373 (TPOX and CSF1PO loci) to 0.9255 (D8S1179 locus) whereas in Northern Navarre, Ho oscillates between 0.5893 in TPOX and 0.8929 in FGA (see Tables 4 and 5 ). The combined PD value is markedly high in these two Basque groups (GUIP: 0.999999999999997; NNAV: 0.999999999999996). As expected, the most polymorphic STR loci are also the most discriminating loci in both Basque collections. This is the case of FGA (GUIP: 96.9%; NNAV: 97.0%), D18S51 (GUIP: 96.7%; NNAV: 96.4%), and D21S11 (GUIP: 94.2%; NNAV: 95.0%) loci, all of which stand out as having the highest observed H o values.
Phylogenetic analyses and genetic structure based on STR diversity patterns In order to assess the genetic relationships of autochthonous Basques in a broader geographic context and to generate a more complete picture of STR variation, we conducted phylogenetic analyses using additional data compiled from previous studies of Spanish, European, North African, and Middle Eastern populations (see Table 1 ). With this aim, F ST unbiased genetic distances based on allelic frequencies of the 13 STR loci examined were computed between all pairs of populations. Based on these data, phylogenetic trees using the NJ method were constructed to reveal patterns of geographic associations and population affinities. Although a tree representation has some drawbacks when dealing with populations, it may be useful to recognize clusters of populations with statistical support as given by bootstrap values. Figure 2 depicts the phylogenetic relationships inferred from STR diversity in the populations examined. In the consensus NJ tree generated, a certain geographic structuring is apparent since, for the most part, the main clusters represent distinct geographic regions. However, the most obvious aspect of this NJ tree is the conspicuous and marked separation of the four autochthonous Basque populations studied (GUIP, NNAV, VIZC, and ALAV) from the remaining populations (including residents in the Basque Country), regardless of their geographic origins. The branch node discriminating the ''Basque cluster'' shows strong bootstrap support after 1,000 iterations (100%), indicating the high robustness of the topology. Within the Basque cluster, the position of the distinct Basque groups indicates both a high genetic affinity between Table 5 Statistical parameters of genetic and forensic interest based on 13 short tandem repeat (STR) loci in autochthonous Basques from Navarre province (Spain). Ho observed heterozygosity; He expected heterozygosity; P value HWE, Fisher's exact probability test, G 2 ; P HWE, statistic (G 2 ) and significance level (P) of the likelihood ratio test (G test); GD gene diversity; PIC polymorphism information content; PD power of discrimination To further examine how the observed genetic heterogeneity is structured among the Basques, the sample sets were analyzed using AMOVA. The overall estimated F ST was 0.0053 (P<0.0001) indicating a statistically significant STR interpopulation diversity throughout the sampled area. Upon assignment of the populations within the three broad geographic regions as observed in the NJ tree (Basques, Europe, and North Africa plus the Middle East), we obtained an F CT of 0.0045 (P<0.05) and an F SC of 0.0037 (P<0.0001), which suggests significant geographical substructuring involving both interregional and intraregional heterogeneity, respectively.
Additional AMOVA analyses using different hierarchal structures (established according to geography) were performed to obtain maximum genetic variance among groups (F CT ) and minimum genetic variance among populations within groups (F SC ), which guarantees the statistical consistence of a genetic classification. Of all possible combinations, the hierarchal classification that best fits this criterion was that segregating the whole set of populations into four groups: autochthonous Basques (GUIP, NNAV, VIZC, and ALAV), Spain (RBAS, NSPA, ANDL, EXTR, and CANR), Europe (PORT, ITAL, SWIT, and PLND) and North Africa/Middle East (MORC, EGYP, TURK, SYRI, and UAE). In this case, the corresponding values of the fixation indices were F CT =0.0075 (P<0.001) and F SC =0.0011 (P<0.0001), indicating statistically significant intergroup and intragroup genetic structuring, respectively. It must be emphasized that in spite of the geographical proximity of Portugal (PORT) with the Spanish populations, AMOVA results deteriorated when a regional classification including a group of Iberian populations (Spain/PORT) was employed. A similar situation was found when we performed an AMOVA with the same above-mentioned four groups (Basques, Spain, Europe, and North Africa/Middle East) but this time including Turkey (TURK) within the European group. As far as the Basque groups are concern (GUIP, NNAV, VIZC, and ALAV), the AMOVA results revealed the existence of statistically significant genetic heterogeneity among these autochthonous collections (F ST =0.0015; P=0.0052). Figure 3 shows the two-dimensional genetic plot resulting from nonmetric MDS analysis applied on Reynold's F ST genetic distance matrix. The genetic topology is highly robust from the statistical viewpoint, Table 1 as the vectorial reduction accounts for 93.6% of the total variance. Consistent with the NJ tree and the AMOVA data, three distinct groups are clearly discriminated in the MDS representation. The bulk of European populations (excluding the autochthonous Basques) plotted around the centroid of the distribution as a well-defined cluster. In agreement with the dendrogram, the Spanish groups (NSPA, RBAS, ANDL, CANR, and EXTR) overlap with the remaining of the European populations (PORT, ITAL, SWIT, and PLND). The collection of RBAS plotted in the core of the European cluster and close to the sample of North Spain, as expected, according to their geographical origins. On the other hand, North African and Middle Eastern populations segregated more dispersedly although all of them form a cluster concentrated in the quadrant delimited by the positive segment of both dimensions 1 and 2. In this cluster, the position of Turkey (TURK) is probably the consequence of sharing geographical proximity, historical relations, and common sociodemographic features with Europe, on one hand, and its relationship with Arabic populations from North Africa and the Middle East, on the other. Regarding the autochthonous Basque groups, most notable was the remote position of Alava with respect to the remaining Basque groups (GUIP, NNAV, and VIZC). As a result of partitioning along axis 2 of the two-dimensional representation, ALAV plotted in the positive upper quadrant, away from GUIP, NNAV and VIZC which segregate in the lower negative quadrant. Of the latter group, GUIP was the Basque autochthonous group segregating more distantly from all other populations. Finally, it should be noted that both the Basque cluster and the group formed by North African and Middle Eastern populations (including Turkey) stand out as plotting in remote positions with respect to the centroid of the two-dimensional map. They occupy extreme and clearly differentiated positions in the distribution. When the Pritchard test was performed on the four Basque groups, it was unable to identify a significant subdivision. It is likely that the number of loci employed in the present study is insufficient to detect subpopulation structure with the Pritchard test.
Admixture coefficients for each Basque group were estimated using the weighted least squares method (Table 6 .) Since linguistic, genetic, and sociocultural studies point to Guipu´zcoa as the most autochthonous region of the Basque country (Manzano et al. 1996; Caldero´n et al. 1998) , the degree of admixture in the ALAV, NNAV, VIZC, and RBAS groups was estimated using Guipu´zcoa and a Spanish population (ANDL, EXTR, and NSPA) as reference groups. As expected, the genetic pool of RBAS exhibits the minimum proportion of Basque (GUIP) genes (0.256) and the maximum proportion of Spanish genes (0.744). Among the native Basque collections, ALAV (0.348) possesses the lowest proportion of GUIP contribution is ALAV (0.348). The genetic pools of NNAV and VIZC have the least Spanish component, both exhibiting a GUIP component of above 40% (42.0% and 45.6%, respectively). These findings are consistent with the NJ and AMOVA analyses.
Discussion
The allelic frequencies of 13 STR loci in two autochthonous Basque groups from Guipu´zcoa and Navarre are reported for the first time. Also, data on the same STR markers previously obtained by our research group for the other two Spanish Basque provinces of Alava and Vizcaya (Pe´rez-Miranda et al. 2005a, b) have been incorporated for comparison purposes. Several features associated with STR loci make them useful sites for the elucidation of human population history (Jorde et al. 1997; Shriver et al. 1997 ) and for studying genetic microdifferentiation among local subdivided populations (Reddy et al. 2001) . These properties are large number of alleles, high Ho and abundance in the human genome, as well as technical considerations such as ease in genotyping and scoring (Zhivotovsky et al. 2004) .
The most notable finding of this study is that the phylogenetic relationships resulting from the F ST genetic distance matrix were strongly defined along ethnohistorical and geographical lines of the populations included in the analyses. Thus, the results of the present study indicate a clear genetic differentiation of native Basques, which separate them from the remaining populations of Europe (including Spain), the Middle East and North Africa. In contrast, no prominent genetic characteristic was found for RBAS, which plotted with the bulk of European populations. These findings could be ascribed to major demographic changes linked to the industrialization process in the Basque region, which propitiated the confluence and mixture of different Iberian populations in the Basque territories since as early as the first half of the nineteenth century (AlfonsoSa´nchez et al. 2001) . Demographic changes promoted by industrialization occurred mainly in zones close to the industrial centers; in rural zones, these demographic effects were practically negligible. In relation to this issue, we should stress that the group of resident Basques was collected in Bilbao, the most important industrial city in the Spanish Basque Country.
Based mainly on HLA data, previous works have associated the origin of Basques with a hypothetical ancient Berber settlement in the north of the Iberian Peninsula (Arnaiz-Villena et al. 1999) . Interestingly, the STR markers used in the present study reveal a remarkable genetic dissimilarity between autochthonous Basque groups (GUIP, NNAV, ALAV, and VIZC) and North African populations (EGYP, MORC). The asymmetrical partitioning of the STR diversity between Basques and North Africans is not supportive of a direct common ancestry and/or significant gene flow between these two regions. Therefore, the findings of the present study are not indicative of a paleo-North African origin for Basques; rather, our data provide new evidence on the low genetic affinity between both population groups, corroborating the conclusions of previous works (Bosch et al. 1997; Pe´rez-Miranda et al. 2003) .
It is also worth noticing the remarkable genetic differentiation between native Basque groups and other European populations, especially those sharing the Iberian Peninsula. Usually, geographically close populations are also genetically close because of a common origin or extensive gene flow between them (Barbujani et al. 1994) . However, Basques represent a group that is linguistically and genetically isolated within the Iberian Peninsula. The most common argument to account for the Basque distinctiveness is random genetic drift and inbreeding over long periods while isolated from surrounding populations. Yet, the causative agents of such marked isolation remain unclear. Some authors have suggested that the isolation of Basques is a consequence of their singular language (Cavalli-Sforza et al. 1994; Caldero´n et al. 1998; Pancorbo et al. 2001) . Indeed, linguistic differences can be effective barriers to gene flow (Barbujani and Sokal 1990; Barbujani 1997) .
A related issue is why the Basque language is restricted to the current Basque territory? Two major historical episodes might have played an important role in the shaping of the Iberian linguistic and/or genetic map: the Roman (BC 348-411 AD) and the Muslim (711-1492 AD) occupations of the Iberian Peninsula. It is well known, from historical evidence, that both Romanization and Arabization processes had only a minor impact in the Basque historical territories of the current provinces of Guipu´zcoa and Vizcaya and the northernmost regions of the Alava and Navarre provinces (Garcı´a de Corta´zar 2004) . The reasons for the lack of penetration into the Basque territory are not completely understood. Some findings from archaeological and paleoeconomic studies have associated the limited interest in Basque lands to the long-standing mainstay of the rest of the Iberian Peninsula based on extensive cultivation of cereals, grapevines, and olive trees (Apella´niz 1975; Clark 1986) .
The segregation and distance of the four Basque groups (GUIP, NNAV, VIZC, and ALAV) in both the NJ tree and in the MDS (see Figs. 2, 3 ) strongly suggest a lack of genetic homogeneity among the autochthonous Basque collections. This assumption seems to be confirmed by the AMOVA data. Evidence of the genetic heterogeneity among the Basques has been previously observed in studies on the variability of the immunoglobulin (GM and KM) genes (Caldero´n et al. 1998 ), on the genetic polymorphism of HLA-DQA1 loci in different Basque samples (Pe´rez-Miranda et al. 2003) , and on PAIs (Pancorbo et al. 2001) . These studies suggest that the more probable cause of the genetic diversity among the Basque groups may be the existence of different levels of admixture of ancient Basques with other non-Basque neighboring populations. This argument is corroborated by the admixture proportions reported in this study. Bearing in mind the extremely reduced geographical distances between the traditional Basque territories, the genetic uniqueness and differences in the degree of isolation among the distinct autochthonous Basque groups are thought to be mainly conditioned by sociocultural features and in some areas by physical barriers in the form of deep, narrow valleys separated by mountain ranges.
Based on the diversity of the STR markers examined in the present study, Guipu´zcoa exhibits the most genetic uniqueness of all four native Basque groups. Likewise, Basques from Alava drifted apart from the Basque cluster (Fig. 3) . The provinces of Alava and Guipu´zcoa have been considered as the two extremes of Basque genetic variation on the basis of classical polymorphisms (Manzano et al. 1996; Caldero´n et al. 1998 ). The STR data derived from NJ, MDS, and AMOVA analyses also indicate maximum genetic dissimilarity between the Alava and Guipu´zcoa groups whereas Basques from Guipu´zcoa and Northern Navarre show the greatest genetic affinity. The genetic similarity between the native populations of Guipu´zcoa and North Navarre has been suggested in several studies (Caldero´n et al. 1998; Pen˜a et al. 2002; Pe´rez-Miranda et al. 2003) . The sample of Vizcaya tends to hold an intermediate position. All the above described coincide, for the most part, with results derived from admixture estimations. These findings indicate that the genetic partitioning inferred from the spatial variability of the STR diversity mirrors the current geographic distribution of the Basque language (Euskera). A recent report by the Basque government (1995) titled ''The Continuity of the Basque Language'' indicates that 44% of the present population of Guipu´zcoa use Euskera as their usual form of communication (monolingual individuals) or use it occasionally (actively bilingual). In the northernmost part of Navarres, the percentage of Basque speakers reaches 40%. The corresponding figures in the rest of the Spanish Basque provinces are 24% in Vizcaya and 15% in Alava.
Prevalence of Euskera has no doubt contributed to the Basques' relative genetic isolation. In rural areas of Guipu´zcoa, Northern Navarre, and oriental regions of Vizcaya, the persistence of local populations strongly embedded in the traditional sociocultural mores of the autochthonous Basque society has allowed the maintenance of the Basque language. Such populations are predominantly concentrated in small villages (<2,000 inhabitants) where a deeply rooted farming economy still prevails close to industrial centers. Likewise, the Basques represent a special case of European population where consanguinity, closely related to sociocultural characteristics, has traditionally been an important component of the marital structure (Alfonso-Sa´nchez et al. 2001 .
Language can be a major sociocultural factor limiting gene flow and population admixture by preventing the integration of immigrants into the autochthonous population and by increasing ethnic endogamy, the main consequence of which would be the departure from panmixia (Alfonso-Sa´nchez et al. 2001 ). This effect may be direct or associated with other sociocultural differences, which in turn influence mating and/or dispersal of individuals. The effect of linguistic and geographic barriers would be to slow down progress toward genetic equilibrium by causing anisotropies in the mating and/or dispersal patterns (Barbujani and Sokal 1990; Barbujani 1997) . This seems to be the case in rural Vizcaya, Northern Navarre, and especially Guipu´zcoa where the use of the Basque language and other shared sociocultural characteristics could have acted as barriers to random mating. Some recent findings appear to indicate that within the autochthonous groups of some Basque territories, there is a great reluctance to truncate the social and cultural patterns that promote close consanguinity (Alfonso-Sa´nchez et al. 2001) . The results presented herein corroborate this hypothesis.
In short, the Basques' STR diversity revealed a substantial geographical partitioning, which seems to be the consequence of the following major factors: (1) language boundaries due to linguistic differences within the Basque area resulting from the differential impact of Latin and derived Romance languages (Michelena 1964) , (2) more recently, socioeconomic and demographic aspects related to differences in the chronology and intensity of industrialization (different demographic structures among regions caused mainly by long-standing, localized immigration), and (3) the combined effects of the cited factors in the characteristic marital structure of each Basque territory (see Alfonso-Sa´nchez et al. 2001 . The interaction among these variables may have led to the spatially structured genetic heterogeneity found in the contemporary autochthonous Basque population. In addition, the results of the present study underscore the usefulness and reliability of STRs for personal identity testing as expressed in the markedly high values obtained for both PD and PIC.
